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Development and validation of a machine learning-based dynamic predic-
tion model for lactate clearance rate in patients with septic shock

SONG Zhaoguang', WU Pingyu', WEN Sicong', ZHANG Weihua', LU Zhonghua® (1. De-
partment of Critical Care Medicine, The People’s Hospital of Tongcheng , Tongcheng 231400,
Chinas; 2. Department of Critical Care Medicine , The Second Hospital of Anhui Medical Uni-
versity , Hefei 230000 China)

[Abstract] Objective To meet the clinical need for dynamic monitoring on lactate metabolism in septic shock pa-
tients, a time-series prediction model based on a long short-term memory (LSTM) network was developed to predict
24-hour lactate clearance rate at admission. Methods A multi-stage retrospective cohort design was adopted to en-
roll septic shock patients admitted to the department of critical care medicine of a hospital from January 2018 to Sep-
tember 2024, By conducting univariate analysis and LASSO combined feature screening. predictive factors were
extracted from multidimensional clinical data. An end-to-end LSTM framework (two-layer 64/32 units, dropout
rate = 0. 3) was constructed. A sliding window strategy (six-hour step size) was adopted for dynamic prediction and

compared with traditional logistic model in terms of three dimensions: calibration (Brier score), discrimination (area
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under the curve [ AUC] of time-dependent receiver operating characteristic [ROC]), and clinical practicality (deci-
sion curve analysis). Consistency between model prediction result and actual lactate clearance rate was analyzed, and
the accuracy of prediction was evaluated. Results A total of 112 septic shock patients were enrolled in the analysis,
including 65 males and 47 females., with an average age of (67.35 +7.28) years. 65 patients were assigned in the
lactate good clearance rate group (lactate good clearance rate —>10%) and 47 in the lactate poor clearance rate group
(lactate good clearance rate <<10%); 78 patients were in the training set and 34 in the validation set. Time-depen-
dent AUC analysis revealed that the predictive performance of the LSTM model in the time windows of 6, 12, and 24
hours were 0. 89 (0.85-10.93), 0.91 (0.88—=0.95), and 0. 92 (0.89 = 0.96), respectively, superior to the logistic
regression model (AAUC = 0. 085, P<C0. 01). The core predictive factors included APACHE ]| score (OR =
1.38), lactate level at admission (OR = 1. 65), vasoactive drug dosage (OR = 1. 42), and 6-hour fluid resuscitation
dosage (OR =1.35). The Pearson correlation coefficient between the predicted value of the model and the actual 24-
hour lactate clearance rate was 0. 83 (P<C0.001), with an average absolute error of 8.2%. Decision curve analysis
confirmed that when the threshold probability was 15% — 60% , the LSTM model could increase clinical net benefits
by 27.3%. The validation of each subgroup showed that the model maintained the optimal predictive performance
(AUC=10.87) in the lung infection subgroup (n=16). Conclusion The LSTM-based dynamic prediction model for
predicting 24-hour lactate clearance rate through integrating early admission indicators demonstrates excellent pre-

dictive performance and clinical application value, which can provide important reference for individualized treatment

decisions in septic shock patients.
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Table 1 Baseline characteristics and univariate analysis of two groups of patients

A it RIF4 (n=65) REH(n=47) P OR 95%CI

UNEE2 5303

GRIYED) 66.8+7.1 68.2+7.4 0. 080 .32 1.15~1.52

PR CB /40 38/27 27/20 0.873 .05 0.56~1.97

BMI(kg/m?) 23.4%3.2 24.1%+3.5 0.263 18 0.88~1.59
St L6

5 L JE 31(47.7) 24(51. 1) 0.715 14 0.55~2.38

Ml IR i 22(33.8) 18(38. 3) 0.619 1.21 0.56~2. 62

56 0 9 15(23. 1) 12(25.5) 0.761 1.15 0.48~2.73

08 A il 9 0 18(27.7) 13(27.7) 0. 997 .00 0.44~2.29

P 12(18.5) 10(21.3) 0.707 .20 0.47~3.03
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%% 1 (Table 1, Continued)
Ar i R4 (2= 65) ARY (=47 P OR 95%CI

YA bR

WBC( X 10°/L) 14.2+6.3 16.8+7.1 0.015 1.29 1.11~1.50

NEUT% (%) 86.3+8.2 88.1+£7.5 0.235 1.15 0.91~1.45

CRP(mg/L) 156.5+72. 4 173.8%+67.9 0. 187 1.20 0.93~1.54

PCT(ng/mL) 8.6+6.3 12.7+7.9 0. 005 1.38 1.18~1.61
i B I Re 6 bn

WLEF (umol/L) 132.5+62. 4 158.7+73.6 0. 079 1.26 0.98~1. 62

S JB4T 2 (pmol /L) 28.6%16.3 34,2+18.5 0.123 1.22 0.95~1.57

ALT(U/L) 68.3+42.7 74.5%45.8 0. 455 1.12 0.83~1.51

AST(U/L) 76.2+41.5 82.7+43.6 0. 411 1.14 0.84~1.54
L 3 1 27 48 b

L (K /min) 102.5+22.3 108.7 £24.5 0.167 1.21 0.92~1.58

e 4 s (mmHg) 98.2+18.5 92.7+16.8 0.125 0. 81 0.62~1.06

#F ik JE (mmHg) 55.8+12.3 52.3+10.8 0.149 0.83 0.64~1.07

- 3 ik FE (mmHg) 69.9+13.2 65.8+12.5 0.012 0. 82 0.71~0. 94
AG TR

Pa0, /FiO, 243.5%76.8 226.7 £68.3 0.232 0. 86 0.67~1.10

A B i 2L {4 (mmol /L) 3.6+1.8 5.7+2.2 <0. 001 1.78 1.46~2.17
TRIT A AR AR

6 h WAL J5 it (mL) 2 468 £ 682 3 156 + 745 0.003 1. 41 1.22~1.63

1M A 3 1 245 4 79 4k (g / kg/min) 0.24+0.12 0.38+0.15 <<0. 001 1.56 1.31~1.86

B L 0D ] 38(58.5) 32(68. 1) 0.293 1.52 0.70~3.30
Y T T R T 43

APACHE [ 43 18.6+5.3 24.7%6.5 <0. 001 1.45 1.28~1. 64

SOFA -4y 8.3+2.6 10.2+3.2 0. 003 1.37 1.18~1.59

T M M 2 R DL R IR E Y i (pg/kg/min) FR L A S IR E RIS M A .
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Table 2  Multivariate logistic regression analysis of factors
affecting lactate clearance rate
A i B P OR 95%CI
APACHE I ¥4 0.322 <C0.001 1.38 1.20~1.59
A Bt B LR 7K °F- 0.501 <<0.001 1.65 1.33~2.05
I 60 4 245 4 ) 0.351 0.002 1.42 1.18~1.71
6 h AR5 75 0.300  0.004 1.35 1.15~1.58
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W R I FRBE R 0. 001, HLU K/ 32, BERLAE
YR 100 $J5 , F4 78 503k B0 0F 4 b 19 e M g
Ji Bk . BIREE R 5 S R0 E WK 3,



e 1102 - = R YL il 24 A 2025 45 8 H 45 24 #:45 8 ] Chin J Infect Control Vol 24 No 8 Aug 2025

—_— A=0.0428 _APACHE Il

0
~CRP
U 2
z Pl
g ~11-6
g 005 / INACEN
8 A
PCT
-0.10
-6 -5 -4 -3
log(N\)
1 LASSO [a] )3 43 #7728 &2 i 3 8% 442 5]
Figure 1 Diagram of variable selection path of LASSO re-

gression analysis
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Table 3 Structure and parameter settings of LSTM network

model
eS| RSP E

0 4 J= % M2 LSTM
5 — = B TR 64

5 R B T 32
Dropout # 0.3
Rie o Adam
EE 0.001
HEU K 32

Il Zh 5 %1 100

IR AL R4 R 78

MR YL 2H (82.5%0) . LRI A 2 P BRI <C60 2 F
=60 % B3 ) T R R4 ) A 85. 8 %0 il 84. 2%,
MHEEREGITHFEL(P=0.428), W4,

&4 LSTM BETITEA [ W21 o B4 30000 1 i EL2BR

Table 4 Comparison of predictive performance of LSTM

model among different subgroups

2.3 A TR AR R AE

2.3.1 LSTM # & T 4 # 1 LSTM #5581 /R 56
UEHE 1 R B R Jg 1o 00000 ofe P . AR ) 4 45 52
Br 24 h FLERTE B MK Pearson R REH 0. 83(P<C
0.001) , - 46 %f % 2% (MAE) iy 8. 2%, T ] 7
IR 86,700, X 2% AR Y BB A% A hy o 1 b T AR
24 h IR E.

2.3.2 LSTM A AR T4 % oy 70 88t K
hy VP ASE R AR A (] i DR I9 458 B S50 1 i L AS BF 5
HAT T BT, FERFENE D4R R R OT R
7R AN T B[] 6 10 7 0000 B R L B 2 SR e R
(P =0.041), Jyik— 0 W8 22 7ok IR, DL R 4
(24 h) 2B WM AR T Bonferroni 12 1E (F5
I 7K #E alpha’ = 0. 05/3), &5 3 HoR ., 510 21 1)
HERG R (87.5Y0) 8 THI (72 4], ey
O3 )2 T AN TRV SR S Y 1 T A R L 2 R A S
THER (P =0.038), PA# &Yk 2 k17
5 IE & 1 T L A o R 00 o A 3 (86, 7 00 f

DA D %k ﬁmgﬁfﬁﬁi AUC95%CD P
s 7] 2 11 Ch) 0. 041
<24(Z 4D 11 87.5 0. 88(0. 84~0.92)
24~72 56 85.2  0.85(0.81~0.89)
=72 45 83. 1 0.82(0.78~0. 86)
R e 0.038
R (S RAD 16 86.7  0.87(0.83~0.91)
i e e 68 84.2  0.84(0.79~0.89)
Hopth S e 28 82.5  0.83(0.78~0.88)
I B 0. 428
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Figure 2 Comparison of ROC curves between LSTM model

and logistic regression model
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